Abstract
Introduction
The goal of this paper is to identify and estimate transmission of monetary policy impulses through the broad credit channel and the bank capital channel of the monetary policy transmission mechanism in the "core" and "peripheral" euro area. Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 Traditional macroeconomic or monetary theory has largely ignored the effect of banking sector equity (capital) as well as the effect of the net worth of the nonfinancial sector (borrowers) on the supply of loans and demand for investment goods in the economy. Traditional models usually assume perfect capital markets and explain investment demand in the economy with interest rate (the interest rate or monetary channel of monetary policy).
On the other hand, a growing volume of literature studies informational imperfections in credit markets. Problems of asymmetric information between borrowers and lenders lead to an increase in the cost of external finance 4 and a demand for collateral in the economy. According to theory, fluctuations in the value of borrowers' net assets are an important determinant of the supply of loans and real investments in the economy (broad credit channel).
5 Furthermore, imperfect information on capital markets makes it difficult for banks to raise equity, which affects the supply of loans and the demand for investment goods (bank capital channel).
6 Clearly, according to the imperfect capital (financial) market literature, the real demand for investments in the economy is a function of the net worth of borrowers and the capital adequacy of commercial banks in addition to the real interest rate.
Therefore, identification of all channels of the transmission of monetary policy is of utmost importance for the optimal design of monetary policy. The existence of an unidentified monetary transmission channel can amplify or dampen monetary policy impulses and result in suboptimal monetary policy. Furthermore, the existence of imperfect capital markets can provide policy makers with additional unconventional policy tools to increase the anti-cyclical possibilities of monetary policy in the situation of a zero nominal lower bound.
In response to deflation in combination with a liquidity trap in the euro area, the European Central Bank has expanded its monetary policy with non-standard monetary policy tools. Nevertheless, the bank lending statistics 7 show that the passthrough of easing banks' financial conditions to the economy is diversified across the euro area (European Central Bank, 2015) . This suggests that the monetary policy channels may work differently in the core and peripheral countries of the euro area or that the transmission of monetary policy in the peripheral euro area countries is still impaired due to larger credit market frictions in this area.
While the broad credit channel has received theoretical and empirical consideration, the literature on the bank capital channel, especially empirical studies, is relatively thin (see Gambacorta and Marques-Ibanez (2011) for a review). Markovic (2006) shows in a theoretical model that the broad credit channel and the bank capital channel are interrelated. The literature on the interrelation of the channels is thin (e.g. Kishan and Opiela, 2000; Meral, 2015) , especially for euro area.
In this paper, we estimate the strength of the broad credit and bank capital channels. We use a panel vector autoregression model (PVAR) to examine the role of the broad credit and bank capital channels in the pass-through of standard and nonstandard monetary policy impulses to the gross domestic product (GDP), inflation, and the volume of loans in the core and peripheral euro area countries.
The research contributes to the extant literature on monetary policy transmission in four major ways. First, we use the Euro Area Bank Lending Survey (BLS) to identify both the broad credit and the bank capital channels. We thus contribute to the literature that uses bank lending surveys to investigate the monetary policy transmission. Second, we investigate whether the broad credit and the bank capital channels are interrelated. Third, we analyze whether the broad credit and the bank capital channels are affected differently by the standard and nonstandard (balance sheet policy) monetary policy. Fourth, the theory predicts that the broad credit and the bank capital channel are more relevant for economies with greater frictions in the credit markets. We therefore compare the relevance of the broad credit and the bank capital channels of monetary policy transmission for two groups of euro area countries (core and peripheral euro area countries) that were negatively, but differently, affected by the crises in the recent period. Our main hypothesis is that the relevance of the investigated transmission channels in the core and peripheral euro area differs.
The results show that the broad credit channel is strong and important in the core as well as the peripheral countries. Empirical evidence supporting the relevance of the bank capital channel is less strong; the results imply that the impact of the monetary policy impulses on the macroeconomic variables through this channel are about half the size of the broad credit channel and that the channel may be relevant only for the peripheral countries, implying that the euro area cannot be treated as a homogenous group when designing and evaluating the effects of monetary policy. We show that the channels are interrelated.
The remainder of the paper is organized as follows. Section 2 summarizes the extant literature, Section 3 presents the methodology, and Section 4 the data. Section 5 presents and discusses the empirical results, while Section 6 concludes the paper.
Literature review
The broad credit channel, also referred to as the (borrower) balance sheet channel (Peek and Rosengren, 2012) , describes how the financial health of borrowers, reflected in their balance sheet, affects their ability to obtain loans. A widely adopted Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 model of this type is the financial accelerator model of Bernanke and Gertler (1989, 1995) and Carlstrom and Fuerst (1997) , which can be summarized as follows. In a non-frictionless credit market, banks face agency costs in preparing and enforcing optimal loan contracts (Bernanke and Gertler, 1989; Carlstrom and Fuerst, 1997) . This is due to information asymmetry problems during the loan application processing (adverse selection problem) and monitoring and enforcing the loan contracts (moral hazard problems). To reduce the problems of asymmetric information, the lenders must be compensated. Thus, for the borrowers, external financial funds are expected to be more costly than internal funds (Bernanke and Gertler, 1989, 1995; Oliner and Rudebusch, 1996) . Bernanke and Gertler (1989) prove that the external finance premium and the net worth (the balance sheet strength) of the borrower are inversely related. When monetary policy tightens, the balance sheet constraints of borrowers increase and their creditworthiness decreases because the interest expenses from the existing borrowings increase and the net cash flow decreases (Bernanke and Gertler, 1995; Boivin et al., 2010) . The net worth of borrowers is pro-cyclical and amplifies the business-cycle fluctuations (a phenomenon called the financial accelerator). During economic or financial shocks to the economy, the frictions in the credit market increase, consequently increasing the external finance premium (Bernanke and Gertler, 1995; Bernanke, 2007) . During these times, or in countries with greater information asymmetry problems (Markovic, 2006) , the transmission of monetary policy impulses to the economy through the broad credit channel is expected to be amplified (Ciccarelli et al., 2015) . 8 Empirical studies that find the broad credit channel operational in the transmission of monetary policy impulses to the economy include, among others, Gilchrist (1993, 1994) , Kashyap et al. (1993) , Cecchetti (1995) , Bernanke and Gertler (1995) , Oliner and Rudebusch (1996) , Warner and Georges (2001) , Hatzius (2005) , Benito et al. (2006) , and Christensen and Dib (2008) . Studies that investigate the broad credit channel in the euro area and to which our study is related include Ciccarelli et al. (2013 Ciccarelli et al. ( , 2015 . Ciccarelli et al. (2015) , using BLS data, report that for 2002:Q4-2009:Q4 the broad credit channel in the euro area is operational. Similarly, Ciccarelli et al. (2013) also use data from BLS and analyze how during 2002:Q4 -2011:Q3 the channel was affected by the global and sovereign debt crisis in the euro area. Applying a panel vector autoregression (VAR) methodology and the rolling-window technique (windows spanning 20 quarters), their results show that the monetary transmission mechanism has been time-varying. They find that the broad credit channel is important for the stressed (peripheral euro area countries, including Portugal, Italy, Ireland, Greece, and Spain) euro area countries but only after the start of the global financial crisis. 253 In the bank capital channel, the balance sheet constraints of banks -they arise because capital requirements and the cost of issuing new equity -negatively affect their loan supply. Gambacorta and Mistrulli (2004) and Van den Heuvel (2002a) note that the bank capital channel rests on three premises: (i) a non-frictionless bank equity market, (ii) a maturity transformation performed by banks that exposes them to interest rate risk, and (iii) prudential regulatory capital requirements. Van den Heuvel (2002a) shows that under these conditions a contractionary monetary policy worsens the bank capital soundness due to lower bank profits that contract because of reduced interest margins. The effect reverses after an expansionary monetary policy impulse. Additionally, an expansionary monetary policy may fuel the financial market with additional liquidity that also finds its way to capital markets, thus raising the demand for assets and leading to asset price increases. This sequentially improves bank capital adequacy.
In his theoretical model, Van den Heuvel (2007) shows that the bank capital channel may be more relevant when the capital requirements are more binding, that is, for banks (or the country's banking sectors) with lower capital adequacy ratios. Markovic (2006) argues that interrelations may exist between the broad credit channel and the bank capital channel. For example, during recession, borrowers' net worth decreases (their balance sheet constraints increase) and their capability to pay back loans decreases. The resulting increase in the share of non-performing loans increases banks' capital constraints. A higher leverage ratio increases the average cost of borrowing for commercial banks. Finally, higher funding costs for banks result in higher lending rates for borrowers, with negative consequences for investment demand and real output. As the external finance premium increases, the average cost of funding for borrowers increases and the net worth of borrowers declines further.
The list of empirical studies on the bank capital channel is short, but includes Van den Heuvel (2002b) , Gambacorta and Mistrulli (2004) , Kishan and Opiela (2006) , Watanabe (2007) , and Kanngiesser et al. (2017) . For the euro area Kanngieser et al. (2017) show that the channel is functional.
The empirical literature tests for the bank capital channel (Van den Heuvel, 2002b; Gambacorta and Mistrulli, 2004; Kishan and Opiela, 2006; Watanabe, 2007) by analyzing how the individual bank or aggregate banking sector capital-to-assets ratios influence the effect of monetary policy on the macroeconomic variables. However, banks' capital constraints may increase not only due to a fall in the capital adequacy ratio but also if banks wish for some other reason to increase equity (Markovic, 2006) , in which case the capital constraint increases before the capital-to-assets ratio is increased. The banks' capital-to-assets ratios therefore may not reflect fully the capital constraints the banks face. To overcome the empirical challenges of bank capital channel identification, Peydró (2010) and Kanngieser et al. (2017) suggest using BLS responses. Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 
Methodology
Our research follows some recent studies on monetary policy transmission channel(s) that use the bank lending survey data to identify the channel(s) (see among others Lown and Morgan, 2006; Ciccarelli et al., 2013 Ciccarelli et al., , 2015 Cappiello et al., 2010; Basset et al., 2014; Peydró, 2011, 2012; Dajcman, 2016) . Specifically, we use the results from the BLS to identify the broad credit and the bank capital channels in the euro area.
Several answers in the BLS can be related to the borrowers' balance sheet strength: net worth, collateral, and credit risk of borrowing firms (see Ciccarelli et al., 2013 Ciccarelli et al., , 2015 Maddaloni and Peydró, 2012) and, thus, can be used to investigate the functioning of the broad credit channel. We follow Ciccarelli et al. (2013 Ciccarelli et al. ( , 2015 and proxy for the balance sheet constraints of non-financial enterprise borrowers by composing a single indicator variable, denoted BBSC, that measures net tightening (or possibly easing) of credit standards induced by borrowers' balance sheet constraints. The broad credit channel predicates that monetary policy tightening results in reduced credit activity and output. We test for the existence of this channel by estimating a monetary policy PVAR model and then analyzing the cumulative impulse response functions of the variable BBSC to a monetary policy shock and cumulative impulse response functions of the business loans volume, real GDP, and price level (HICP) to a shock to the BBSC.
In order to identify the bank capital channel we follow Peydró (2010) and Kanngieser et al. (2017) . We assume that the effect of bank capital constraints on their lending is reflected in the BLS response on the credit standards factor impact of capital position. This variable, denoted BCPC, measures changes in credit standards induced by bank capital position constraints. We inspect the bank capital channel hypothesis by estimating the monetary policy VAR model and then analyzing the cumulative impulse response functions of the variable BCPC to a monetary policy shock and cumulative impulse response function of the business loans volume, real GDP, and HICP to a shock to the BCPC.
The functioning of the monetary policy transmission channels is estimated with a PVAR model, specified as (see e.g. Love and Zicchino, 2006) :
estimated on a dataset of N different euro area countries, T quarters, and k explanatory variables. Y it is a k×1 vector of stationary endogenous variables, A p is a k×k matrix of regression coefficients from lag 1 to lag L, η i is a k×1 vector of country-specific fixed effects, and u it is a k×1 vector of idiosyncratic errors with the properties: 10 we also simultaneously use the sum Eurosystem consolidated balance sheet items that are directly related to monetary policy. The second set of endogenous variables contains the volume of business loans outstanding and the variables BBSC and BCPC.
Choleski (triangular) decomposition is used to identify the VAR model and the variables are ordered as in Christiano et al. (1996) , Lown and Morgan (2006) , Basset et al. (2014) , and Dajcman (2016) ; that is, the macroeconomic variables are ordered first, followed by the monetary policy stance variables and the credit market variables. We place the real GDP as the first, assuming it to be the most ˝exogenous˝ variable (i.e., shocks to the output affect all other variables contemporaneously, but not the reverse), followed by the HICP. The monetary policy stance variable is ordered third (EONIA preceding Eurosystem balance sheet), assuming the monetary policy responds to the shocks to the GDP and price index and that the monetary policy stance shocks affect contemporaneously the credit market variables. Business loans are ordered fourth, followed by variables BBSC and BCPC.
11
9 These three variables are applied in the extant literature; see, e.g., Christiano et al. (1996) , Leeper et al. (1996) , Lown and Morgan (2006) , Bassett et al. (2014) , Ciccarelli et al. (2013 Ciccarelli et al. ( , 2015 , and Dajcman (2016) . 10 While before the global financial crisis there was a growing consensus that in the euro area EONIA was a good indicator of the Eurosystem's monetary policy stance (Busch et al., 2010; Ciccarelli et al., 2013 , Ciccarelli et al., 2015 , it is argued that once the policy rate hits the zero lower bound EONIA may not consistently reflect the central bank's monetary policy stance (Lombardi and Zhu, 2014; Gambacorta et al., 2014; Wu and Xia, 2015) . To quantify the monetary policy stance when the zero lower bound is reached, the empirical literature has developed two approaches. The first approach measures the monetary policy stance with the shadow (short) rate (Lombardi and Zhu, 2014; Bauer and Rudebusch, 2015; Wu and Xia, 2015) . The second rests on the premise that the non-standard monetary policy is reflected in the central bank's balance sheet size and structure (e.g., Boeckx et al., 2014; Gambacorta et al., 2014) . Because this research also aims to answer how the non-standard policies, reflected in the size of the Eurosystem's balance sheet, affect the broad credit and the bank capital channels, in our baseline model we proxy the monetary policy stance of the Eurosystem by using simultaneously EONIA and the sum of the Eurosystem's balance sheet items that are directly related to monetary policy. In applying this approach, we assume that the monetary policy stance of the Eurosystem is partly reflected by EONIA and partly by its balance sheet size. 11 By ordering the variable BBSC before the BCPC variable, we assume that credit standards changes induced by the borrowers' balance sheet constraints are more ˝exogenous˝ than credit standards changes induced by bank capital position constraints. This assumption implies that banks' capital position constraints are more likely to respond to the borrowers' balance sheet constraints (e.g., after an economic shock that reduces the profits and the net cash flow of enterprise borrowers and their net worth, the capability to return loans and to obtain new loans drops and this in turn negatively affects the bank capital position) than the opposite (e.g., increased regulatory capital adequacy standards increase bank capital constraints, leading to constrained supply and consequently increased borrowers' balance sheet constraints).
256 Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 Equation (1) is estimated with the generalized method of moments on the Helmert transformed variables (i.e., transformed by forward orthogonal differentiating) to resolve the issue of exogeneity that arises due to lagged dependent variables (see Nickell, 1981; Abrigo and Love, 2016) . The Stata codes of Love and Zicchino (2006) and Abrigo and Love (2016) are used. After the model is estimated, the cumulative impulse response functions are drawn.
Empirical data and analysis

Empirical data
In our research, we use data for 11 euro area countries that have been a part of the euro area since the beginning of 2003: 12 Austria, Belgium, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, and Spain. We divide the countries into two subsamples: core euro area countries (Austria, Belgium, France, Germany, the Netherlands, and Luxembourg) and peripheral euro area countries (Greece, Ireland, Italy, Portugal, and Spain). (2016)). We argue that this is appropriate because the European Central Bank Lending Survey explicitly asks the bankers to access the factor contributions to the bank credit standards irrespective of the season. In most papers referenced in the paper, no attention is paid to seasonal adjustment -the authors do not state exactly or at all which time series are seasonally adjusted (e.g. Ciccarelli 2013 Ciccarelli , 2015 . Source: Authors variable transformations on data from primary data providers 13 The respondents (banks) in the BLS answer how the credit standards and the credit standards factors have changed in their bank during the last quarter. They choose from five offered answers: increased considerably, increased somewhat, remained unchanged, decreased somewhat, and decreased considerably. A ˝diffusion˝ index is then calculated as the weighted difference between the answers, increased considerably (that are given a weight of 1) and increased somewhat (a weight of 0.5), and the answers, decreased considerably (a weight of -1) and decreased somewhat (a weigh of -0.5).
A positive value of the diffusion index for a credit standards factor can be explained as the factor contributing to net tightening of the credit standards, while a negative index value indicates the factor contributes to net easing of credit standards. 14 This approach of reducing the number of credit standards to one by taking a simple average of the credit standard factors' contribution to credit standards follows the approach of Ciccarelli et al. (2013 Ciccarelli et al. ( , 2015 . They, however, use the responses form BLS measured in net percentages. We also tried to form the composite variable by a principal component analysis of the three credit standards factors and then taking the first principal component that explains the greatest share of volatility in the credit standards factors and standardizing the BBSC and the BCPC variables. The results (impulse responses), not presented here, of this exercise support the findings based on BBSC formed on simple averages from the BLS survey, but because principal component analysis and standardization of BBSC and BCPC entail a loss of information on the size of diffusion index changes in the core and peripheral countries, we prefer to present the results that are based on the BBSC formed from the simple averages.
258 Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 The panel data used in empirical analysis is balanced and spans 2003:Q1 -2015:Q4. Maximum time span is constrained by the availability of quarterly data on business loans. Description of variables used in model (1) is presented in Table 1 . Transformations of the primary data are made in order to make the series stationary 15 .
Dynamics of the sampled average euro area real GDP and business loans volume (logarithmic) growth and the average value of the BBSC and BCPC are presented in Figure 1 . The bank business loans volume growth are negatively lag-correlated to the BBSC as well as BCPC 16 (Table 2) . 15 The stationarity of the panel variables is asserted by the Im-Pesaran-Shin test (Im et al., 2003) while the common variables (EONIA and quarter-on-quarter logarithmic growth of the sum of the Eurosystem's consolidated balance sheet items) by the KPSS test. No cointegration is found between the variables integrated on the order of 1 in levels. Westerlund's (2007) test and Persyn and Westerlund's (2008) codes are used for the purpose. The results of the tests of stationarity and cointegration are available upon request. 16 It is reasonable to expect the banks´ loans volume to respond with a lag to the banks´ credit standard changes. The (Pearson´s) correlation increases (reduces) as the time-lead of the BBSC (BCPC) variable increases.
Empirical analysis
The PVAR model, represented by equation (1) Evidently, a one standard deviation increase in the EONIA rate increases BBSC as well as BCPC. The result implies that a monetary policy contraction leads banks to tight credit standards due to increased borrowers' balance sheet constraints and banks' capital position constraints.
Although the directions of the cumulative impulse responses of the BBSC and the BCPC to the shock to EONIA are the same for the core and the peripheral euro 17 We also computed the forecast-error variance decomposition, based on the results of model (1). They, however, are not in our main interest and therefore just present the key findings for the euro area as whole. The results show that contribution of the BBSC shock to the variance of (logarithmic growth) volume of business loans (GDP and HICP, respectively) is 5.9 (3.3 and 6.9, respectively) percent at 16 quarters after the shock, while the contribution of the BCPC at the same horizon is 0.08 (0.3 and 0.37, respectively) percent.
Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 area countries, the magnitude of the cumulative impulse responses differs. Banks in the peripheral euro area see the borrowers' balance sheet and the banks´ capital constraints as more negatively affected, and in turn increase credit standards in response to the Eurosystem's policy rate hike relatively more that in the euro area core: When EONIA is shocked (i.e., increases) by a standard deviation (for the observed sample, the standard deviation is 1.4 percentage points), the BBSC by the end of 16 quarters after the shock increases more in the peripheral (diffusion index is approximately 22) than in the core countries (diffusion index is approximately 6), meaning that a greater weighted share of banks increases credit standards for loans to enterprises in the peripheral than in the core euro area countries. The same holds true for the response of the BCPC to a monetary policy rate shock: The diffusion index of BCPC for the peripheral countries is approximately 13 while for the core it is approximately 6.
Since the start of the global financial crisis, the Eurosystem has applied and extended the non-standard monetary policy. While EONIA captures the standard monetary policy and the negative interest policy 18 of the Eurosystem, its monetary policy stance is not completely captured by the EONIA rate alone. To more fully capture the monetary policy stance, we also consider the effect of the balance sheet policy, which is reflected in the size of the balance sheet items related directly to monetary policy. The cumulative impulse response function of the BBSC and the BCPC shows that the Eurosystem's programs that led to expansion of its consolidated balance sheet (including, e.g., the long-term refinancing operations, the targeted longer term refinancing operations (TLTRO and TLTRO2), and the expanded asset purchase program) results in an increase in the variables BBSC and BCPC. The effect, however, is smaller than the one from the policy rate change and more delayed. Indeed, the effect of expansion of the Eurosystem balance sheet shock on the BBSC in the whole euro area becomes significant only after 14 quarters. Again, we note that the expansionary monetary policy shock (increase in the balance sheet) has a large and significant effect only in the periphery of the euro area; the effect is smaller and insignificant in the core area. The effect of the expansionary balance sheet policies on the BCPC is not significant. Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 The results presented in Figure 2 suggest that the broad credit channel may be more relevant than the bank capital channel for the monetary policy transmission in the euro area. We must elaborate on this by inspecting the pass-through process of the monetary impulse via balance sheet constraints of banks and enterprise borrowers on the aggregate volume of bank loans, the real GDP and the price level. Figure 3 traces out the cumulative impulse responses of the aggregate volume of business loans outstanding to the BBSC and the BCPC shocks. A shock to the BBSC leads to an immediate reduction in the volume of loans. The accumulation of the effect protracts even four years after the shock. In the euro area the volume of loans by the end of the fourth year after the shock drops by approximately 5 percent: It drops by only approximately 3 percent in the core and 7 percent in the peripheral euro area. A shock to the BCPS also negatively affects the volume of business loans. The effect, however, is only approximately one third that from the shock to the BBSC and the cumulated impulse responses are insignificant. The results suggest that after a supply of loans is constrained via credit standards tightening due to increased borrower balance sheet constraints the aggregate credit activity decreases across the board in the core and peripheral euro areas, more so in the latter group of countries. If the supply of loans is constrained via credit standards tightening due to banks' capital constraints (i.e., increase in BCPC), the aggregate credit activity in the euro area as a whole decreases less and especially due to banking loan book reduction (deleveraging) in the peripheral euro area. However, the statistical evidence (significance of impulse responses) of the banks' capital constraint shocks on the credit activity is weak, especially for the core countries.
The literature (see, e.g., Markovic, 2006) predicts that when banks' capital constraints increase, borrowers' balance sheet constraints increase as well. This can be verified empirically by the cumulative impulse response functions calculated from estimates of the model represented by equation (1) Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 Response of BBSC to a shock to BCPC Notes: The plot panels depict the (cumulative impulse) responses of the BBSC to a one standard deviation shock to the BCPC and reverse over the period of 16 quarters from the shock. The black lines present the estimated cumulative impulse response functions, while the shaded area shows the 95 percent (Monte Carlo) bootstrapped (with 1000 replications) confidence interval. One important reason for relatively wide confidence intervals in the panels of Figure 4 -this is particularly the case for the impulse response of the BBSC to the BCPC shock -could be that especially for the variable BCPC the variability is relatively low. This is especially true for some countries in the sample for which the number of participating banks is small (e.g. Slovenia, Ireland, and some other small countries) from which only a small number of banks participate in the European Bank Lending Survey. Source: Authors' calculations Silvo Dajcman, Josip Tica • The broad credit and bank capital channels of monetary policy... Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 
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The results show that the shock to the variable BCPC leads to a significant increase in the variable BBSC. The significant cumulative impulse response, however, is obtained only for the euro area as a whole and the peripheral countries; this supports the notion that borrowers' financial constraints are severely affected after negative bank capital shocks only in credit markets with more severe frictions. Figure 4 also shows that a detrimental shock to the BBSC always increases the BCPC; that is, when banks tighten credit standards for loans to non-financial enterprises due to enterprises' increased balance sheet constraints, the credit standards are in turn likely to tighten also because of the increased number of banks with capital position constraints. The results thus indicate that the borrowers' balance sheet constraints and the banks' capital position constraints are interrelated. Following Markovic (2006) and Peydró (2010) , this is proof that the broad credit and the bank capital channels are interrelated. Figure 5 summarizes the pass-through of monetary policy impulses via the broad credit channel and the bank capital channel on the real GDP and inflation. After the BBSC or BCPC is shocked, real GDP growth responds more strongly and sooner than price index growth (i.e., inflation). In the euro area as a whole, in four years' time after the shock to the BBSC, the economic growth decreases by approximately twice as much as inflation. Shocks to the BCPC do affect real GDP growth but do not significantly influence inflation.
We also note a difference in the real GDP growth response to the shock: In the periphery, economic growth statistically significantly drops by approximately 1.2 percent by the end of four years after the shock, while in the core euro area a 0.3 percent statistically non-significant reduction is calculated. Shocks to the BCPC negatively affect real GDP growth in the euro area as a whole. Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 267 Again, a non-homogenous response is observed between the two groups of countries: GDP growth is significantly negatively affected only in the peripheral euro area.
The robustness of the results
The robustness of the results presented in Figures 2-5 is verified by alternative specifications of the baseline model represented by equation (1). We first checked whether the way the volume of loans is measured affects the results. For this purpose, we used an alternative definition of volume of loans, namely, notional loans. 19 The results support the baseline model's results.
20
As part of the robustness check, we also considered ordering of endogenous variables different from those in the baseline model. First, we re-ordered the BBSC and BCPC variables, placing the former last and the latter next to last. Different from the baseline model assumption, with this reordering we assume that the banks' capital position constraints contemporaneously affect borrowers' balance sheet constraints. The assumption implies that the borrowers' balance sheet constraints are more likely to respond to the banks' capital position constraints. With this assumption, we implicitly increase the relative importance of banks' capital position constraints over borrowers' balance sheet constraints in the credit standards setting and their macroeconomic effects. This alternation of the baseline model is reflected in a greater magnitude of response of the GDP, HICP, and business volume growth to a shock to the BCPC and a smaller response to a shock to the BBSC when compared to the baseline model. Other cumulative impulse responses are in line with the baseline's model.
In the next robustness check, we changed the order of the EONIA and the Eurosystem's balance sheet volume variables, placing the latter before the former. The results of the baseline model remain robust to this specification.
The robustness of the results (cumulated impulse responses) and their economic interpretation were also tested against the alternative measure of monetary policy stance of the Eurosystem. Instead of using EONIA and the Eurosystem balance sheet size as proxies for the Eurosystem's monetary policy stance, only one indicator for monetary policy was used -the shadow policy rate of the Eurosystem as defined and calculated by Wu and Xia (2015) . We found that the cumulative 19 As the European Central Bank (2012) argues, the index of notional loans ˝allows developments in the series to be presented without the effects that non-transactions would have on the growth rates of stocks.˝ The index is calculated following European Central Bank (2012) as a chain index I(t)=I(t-1)x[1+F(t)/S(t-1)], where F(t) is loan transactions during quarter t and S(t-1) is outstanding loans volume at the end of the previous quarter. 20 The results (cumulative impulse responses) of all the robustness checks are not presented here but are obtainable from the authors.
Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 impulse responses of the BBSC and BCPC to a shock to the shadow rate are larger than to a shock to EONIA. This is expected because now only one variable accounts for the monetary policy stance whereas in the baseline model two variables are used. As opposed to the baseline model, the HICP does not significantly respond to the shock to the BBSC variable. Other main findings from the cumulated impulse response functions analysis of the baseline model remain robust to this alternative specification.
The next robustness check consisted of verifying the time-stability of the broad credit and the bank capital channels of monetary policy for the euro area as whole. Following suggestion by one of reviewers, this robustness check was performed by inspecting the cumulative impulse responses calculated from the results of equation (1) for the period 2003Q1 -2008Q3, i.e. period before the global financial crisis. Similar to the baseline model results, we found the monetary policy impulses working primarily through the policy rate and the broad credit channel. The responses of BBSC and the BCPC to the monetary policy shocks are found to be slightly stronger, while the responses of the business loans volume to the BBSC and the BCPC shocks smaller in scale as compared to the baseline model (i.e. the model for the whole observed time period). The pass-through of the monetary policy impulses from the (borrowers´ s and the banks´) balance sheets constraints to the economic activity (real GDP) and the HICP, however, is found to be different than in the baseline model: i) the shocks to the BBSC did not negatively impact the real GDP but only the HICP; ii) the broad credit and the bank capital channels were found to be interrelated -the shock to the BBSC negatively impacted the BCPC; the reverse was not the case. 21 The results of this robustness check indicate that the monetary policy transmission channels are not static. A thorough analysis of the dynamics of the monetary policy channels exceeds the goals and the extent of this paper, but is certainly worth further analysis.
Results and discussion
Following some recent papers on monetary policy transmission mechanism (Lown and Morgan, 2006; Ciccarelli et al., 2013 Ciccarelli et al., , 2015 Basset et al., 2014; Peydró, 2011, 2012; Dajcman, 2016) , the present paper showed how the BLS responses can be used to successfully identify the broad credit and the bank capital channel.
The results presented above (Figure 2) show that a tightening Eurosystem´s monetary policy shock results in the euro area banks' credit standards tightening that is due to increased borrowers' balance sheet and banks' capital position constraints. 21 The results of the 2003Q1 -2008Q3 estimation are available upon request.
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The effect of monetary policy shock is stronger in the stressed, peripheral euro area which is consistent with the theoretical prediction (e.g. Bernanke and Gertler, 1995; Markovic, 2006; Bernanke, 2007; Van den Heuvel, 2007) and empirical evidence (Ciccarelli et al., 2013 (Ciccarelli et al., , 2015 . It is worth stressing that euro area banks see a contractionary monetary policy shock having a greater negative impact on the borrowers' balance sheets than on the banks' capital position.
In the non-frictionless credit markets, credit standards are an important mechanism of loan distribution (Lown and Morgan, 2006) . Cumulative impulse response functions presented in Figure 3 show that in the euro area credit standards do determine credit activity which implies that the bank loans market is nonfrictionless. Our results thus support some earlier findings (e.g. Hempell and Sørensen, 2010; Ciccarelli et al., 2013 Ciccarelli et al., , 2015 .
An important contribution of this paper to the literature consists in showing that for the Eurosystem the broad credit channel is more relevant than the bank capital channel. Monetary policy shocks more significantly affect aggregate credit market activity and other macroeconomic aggregates (the real GDP growth and inflation) by working through the former channel than the later. Following a monetary policy shock, the real GDP growth responds more strongly and sooner than inflation -a results that is familiar from the literature (e.g., Lown and Morgan, 2006; Basset et al., 2014; Ciccarelli et al., 2013 Ciccarelli et al., , 2015 .
The theory (Markovic, 2006) predicts that the broad credit and the bank capital channels are interrelated. Our results provide confirmative evidence and show that they are more strongly related in the peripheral than core euro area.
Heterogeneity in policy transmission mechanism within the euro area is the main policy implication of the present research. The difference between the core and peripheral euro area's monetary policy transmission channels in the aftermath of the global financial crisis has already been witnessed (see Ciccarelli et al., 2013) , but not for the bank capital channel. Given the financial stress in the peripheral euro area (manifested also in the borrowers' balance sheets and bank capital position constraints), a single standard monetary policy of Eurosystem does not fit the whole euro area. Policy measures that help to alleviate the borrowers' and banks' capital position constraints in the peripheral euro area countries are vital for the economic recovery in this part of the euro area. After the standard measures of Eurosystem's monetary policy have been exhausted, the nonstandard policy measures, conducted by the Eurosystem from October 2008, e.g. the covered bond purchase programme, an extension of the list of eligible collateral in Eurosystem credit operations, the securities markets programme, the covered bond purchase programmes, the longterm refinancing operations, the outright monetary transactions, the targeted longerterm refinancing operations, and the asset-backed securities purchase programmes, have contributed to easing of financial constraints of the economic agents in the Zb. rad. Ekon. fak. Rij. • 2017 • vol. 35 • no. 2 • 249-275 euro area periphery (see e.g. Micossi, 2015; European Central Bank, 2015) . The nonstandard monetary policy measures of the Eurosystem, as the results of the paper show, have the capacity to affect loan activity and recovery in the euro periphery.
Conclusion
Bearing in mind the relevance of bank lending for the euro area's enterprise sector and monetary policy transmission, this paper has examined the relevance of the broad credit and the bank capital channels of monetary policy in the euro area. The channels are identified with data from the Euro Area Bank Lending Survey.
The results of this survey have important implications for the monetary policy in the euro area. They show that the evidence for the relevance of the broad credit channel is strong. The channel is important for the core as well as the peripheral countries. Empirical evidence in support of the bank capital channel is less strong; the results imply that the impact of the monetary policy impulses on the macroeconomic variables through this channel are about half the size of that for the broad credit channel and that the channel may be relevant only for the peripheral countries. One of the findings of the paper is also that the broad credit and the bank capital channels of monetary policy transmission are interrelated, more so in the peripheral than in the core euro area. The results thus show that the euro area cannot be treated as a homogenous group when designing and evaluating the effects of monetary policy. The hypothesis of the paper is thus accepted.
The results of this survey complement the literature on the functioning of the non-standard monetary policy in the aftermath of the global financial crisis. They indicate that the balance nonstandard monetary policy of the Eurosystem works via the broad credit channel, but not via the bank capital channel.
